Seven triterpenes, ␣-amyrin (1), uvaol (2), ursolic acid (3), ␤-amyrin (4), erythrodiol (5), lupeol (6) and betulin (7), two sterols, ␤-sitosterol (8) and ␤-sitosterol 3-O-␤-glucopyranoside (9), and one flavonoid, syringetin 3-O-␣-rhamnopyranoside (10) were isolated from the methanol extract of the fruit of rabbiteye blueberry (Vaccinium ashei). Their chemical structures were determined on the basis of spectroscopic data. Among them, 3, 4 and 9 exhibited moderate growth inhibitory activity against human lung cancer cells (PC-12) and human colon cancer cells (HCT116) using the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide assay.
Blueberries (Ericaceae) are cultivated worldwide, and the fruit is used as not only food but also for treatment of eyestrain. Representative species of blueberry are highbush blueberry (Vaccinium corymbosum L.), lowbush blueberry (V. angustifolium AIT.), rabbiteye blueberry (V. ashei READE) and bilberry blueberry (V. myrtillus L.), all of which contain a large amount of phenolics, especially anthocyanins (Prior et al., 1998) . In the preceding paper, we reported the isolation, structure elucidation and antioxidant evaluation of a new ortho-benzoyloxyphenyl acetic acid ester, called vaccihein A, from the methanol (MeOH) extract of the fruit of V. ashei (Ono et al., 2002) . The present paper describes the further separation and structure elucidation of seven triterpenes, ␣-amyrin (1), uvaol (2), ursolic acid (3), ␤-amyrin (4), erythrodiol (5), lupeol (6) and betulin (7), two sterols, ␤-sitosterol (8) and ␤-sitosterol 3-O-␤-glucopyranoside (9), and one flavonoid, syringetin 3-O-␣-rhamnopyranoside (10) from the MeOH extract. The cytotoxic activity of 1, 3, 4, 6, 8 and 9 against human lung cancer cells (PC-12) (Kinjo et al., 1979) and human colon cancer cells (HCT116) (Brattain et al., 1981) using the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay (Mosmann, 1983) is also described.
Materials and Methods
Materials Fruit of Vaccinium ashei READE, was collected in June 2000 in the orchard of Kyushu Tokai University, Kumamoto prefecture, Japan, and identified by Prof. Haruki Komatsu, School of Agriculture, Kyushu Tokai University.
Methods Proton ( 1 H)-and carbon-13 ( 13 C)-nuclear magnetic resonance (NMR) spectra were recorded using an alpha 500 spectrometer (JEOL, Tokyo), and chemical shifts were given on a ␦ (ppm) scale with tetramethylsilane (TMS) as an internal standard. The abbreviations used are as follows: s, singlet; br s, broad singlet; d, doublet. Optical rotations were measured with a JASCO DTP-1000 KUY digital polarimeter (JASCO, Tokyo). Column chromatography was carried out over silica gel 60 (Merck, Art. 9385; Merck, Darmstadt, Germany), Diaion HP20 (Mitsubishi Chemical Industries Co., Ltd., Tokyo), and MCI gel CHP 20P (Mitsubishi Chemical Industries Co., Ltd.). High performance liquid chromatographic (HPLC) separation was run on a Micro Pump Shimadzu LC-10A with a RI-Detector Shimadzu RID-10A. For HPLC column chromatography, COSMOSIL 5C18-AR-II (Nacalai Tesque, Inc., Kyoto, 250 mmϫ20 mm i.d.) and YMC-pack R&D SIL-06 (YMC Co., Kyoto, 250 mmϫ20 mm i.d.) were used.
Extraction and isolation Crushed fresh fruit of Vaccinium ashei READE (1192 g) was soaked in MeOH (1192 ml) for 24 h at room temperature (this procedure was repeated three times), and the solvent was removed under reduced pressure to give a dark purple syrup (155.6 g). The MeOH extract (145.2 g) was subjected to Diaion HP20 (H 2 O, 70% MeOH, MeOH, acetone) to give fraction (fr.) 1 (129.7 g), fr. 2 (6.3 g), fr. 3 (0.7 g) and fr. 4 (0.8 g). Chromatography of fr. 2 (5912 mg) over MCI gel CHP 20P (H 2 O-MeOH, gradient) furnished frs. 5-17. Fraction 15 (1260 mg) was chromatographed over silica gel [CHCl 3 -MeOH-H 2 O (14:2:0.1, 10:2:0.1, 8:2:0.2, 7:3:0.5)] to give frs. 18-24. Fraction 19 (18 mg) was subjected to HPLC (COSMOSIL 5C18-AR-II, 55% MeOH) to give 10 (3 mg). Fraction 3 was chromatographed over silica gel [hexane-acetone (9:1, 5:1, 4:1, 3:1, 2:1, 1:1, 0:1)] to give frs. 25-30. HPLC [YMC-pack R&D SIL-06, hexane-acetone (8:1)] of fr. 28 (13 mg) furnished 2 (3 mg), 5 (2 mg) and 7 (1 mg). A part (234 mg) of fr. 29 (443 mg) in Ac 2 O-pyridine (1:1, 4 ml) was left to stand at room temperature overnight. After removal of the reagent under a stream of N 2 , the residue was subjected to silica gel [hexane-AcOEt (20:1, 10:1, 5:1, 4:1)] to give 3a (75 mg) and 9a (12 mg). Compounds 3a (70 mg) and 9a (12 mg) in 1 N NaOH (1 ml) and acetone (1 E-mail: mono@ktmail.ktokai-u.ac.jp ml) were each heated at 95˚C for 2 h. The reaction mixture of 3a was neutralized with 2 N HCl, and the precipitates were collected by filtration to afford 3 (60 mg). The precipitates in the reaction mixture of 9a were collected by filtration to give 9 (8 mg). Chromatography of fr. 4 (0.8 g) over silica gel [hexane-acetone (1:0, 9:1, 7:1, 5:1, 3:1, 0:1), MeOH] furnished frs. 31-36. Fraction 31 (237 mg) was subjected to silica gel [hexane-AcOEt (9:1)] to give 8 (28 mg) and frs. 37-43. HPLC (COSMOSIL 5C18-AR-II, MeOH) of fr. 40 (109 mg) gave 1 (45 mg), 4 (14 mg) and 6 (27 mg).
␣-Amyrin (1) (14)[M] ϩ , 408 (23), 365 (15), 218 (100). 13 C-NMR data (in chloroform-d, 125 MHz) were superimposable on those of an authentic sample (Seo et al., 1975) .
Uvaol (2) (10), 234 (22), 203 (100). 13 C-NMR data (in chloroform-d, 125 MHz) were superimposable on those of an authentic sample (Katai & Meguri, 1983 (Numata et al., 1989) . 13 C-NMR (in pyridine-d 5 , 125 MHz) ␦: 179.9 (C-28), 139.3 (C-13), 125.7 (C-12), 78.2 (C-3), 55.9 (C-5), 53.6 (C-18), 48.1 (C-9 and C-17), 42.6 (C-14), 40.0 (C-8), 39.5 (C-19), 39.5 (C-20), 39.4 (C-4), 39.1 (C-1), 37.5 (C-22), 37.3 (C-10), 33.6 (C-7), 31.1 (C-21), 28.8 (C-23), 28.7 (C-15), 28.2 (C-2), 25.0 (C-16), 24.0 (C-27), 23.7 (C-11), 21.4 (C-30), 18.8 (C-6), 17.6 (C-26 or C-29), 17.5 (C-29 or C-26), 16.6 (C-24), 15.7 (C-25).
␤-Amyrin (4) MHz) were superimposable on those of an authentic sample (Seo et al., 1975) . Fig. 1. Structures of 1-10, 3a and 9a. Erythrodiol (5): amorphous powder, [␣] D 18 ϩ67.5˚ (cϭ0.1, CHCl 3 ). EI-MS m/z (rel. int, %): 442 (7)[M] ϩ , 406 (10), 363 (13), 234 (21), 203 (100). 125 MHz) were superimposable on those of an authentic sample (Xue et al., 1988) .
Lupeol (6) 125 MHz) were superimposable on those of an authentic sample (Sholichin et al., 1980) . Betulin (7) Cell culture and cytotoxicity assay PC-12 and HCT116 cells were maintained at 37˚C in PRMI1640 medium (Gibco BRL, NY) containing 10% fetal bovine serum (Hyclone Laboratories, UT) in an atmosphere of humidified 5% CO 2 . Growth inhibition experiments were carried out in 96-well microplates, and the amount of viable cells at the end of the incubation was determined using MTT assay. Thus, PC-12 and HCT116 cells were inoculated at 1000 cells per well, and were continuously cultured without or with five concentrations (5000, 1000, 200, 40 and 8 ng/ml) of test compounds for 72 h from the next day. After addition of MTT (20 l, 5 mg/ml in phosphate-buffered saline; Sigma, MO), the medium was removed and the blue dye formed was dissolved in 150 l of DMSO. The absorbance measured at 540 nm using a Microplate Reader model 3550 (Bio-Rad Laboratories, Inc., CA). GI 50 value was defined as the concentration of sample necessary to inhibit the growth to 50% of the control. Cisplatin (Nippon Kayaku Co., Tokyo) was used as a standard sample.
Results and Discussion
The fruit of rabbiteye blueberry (Vaccinium ashei) was extracted with MeOH at room temperature. This extract was fractionated by repeated column chromatography (Diaion HP20, MCI gel CHP 20P, silica gel) as well as HPLC (ODS, Si) to afford eight compounds, 1, 2, 4-8 and 10 , whose yields based on weight of the fruit were 4.0ϫ10 Ϫ3 %, 0.3ϫ10 Ϫ3 %, 1.3ϫ10 Ϫ3 %, 0.2ϫ10 Ϫ3 %, 2.4ϫ10 Ϫ3 %, 0.1ϫ10 Ϫ3 %, 2.5ϫ10 Ϫ3 % and 0.3ϫ 10 Ϫ3 %, respectively, and fr. 29. The 1 H-NMR spectrum of fr. 29 indicated that it was a mixture of two compounds which have no acyl group. In spite of many attempts, separation of fr. 29 could not be achieved. However, when it was acetylated in the usual way, and subjected to silica gel column, it afforded two compounds, 3a and 9a. Compounds 3a and 9a then each afforded 3 (yield based on weight of the fruit: 11.7ϫ10 Ϫ3 %) and 9 (yield based on weight of the fruit: 1.6ϫ10 Ϫ3 %), respectively, on alkaline hydrolysis.
Structure elucidation of 1-10 Compounds 1-9 were identified as ␣-amyrin (Seo et al., 1975) , uvaol (Katai & Meguri, 1983) , ursolic acid (Numata et al., 1989 ) ␤-amyrin (Seo et al., 1975) , erythrodiol (Xue et al., 1988) , lupeol (Sholichin et al., 1980) , betulin (Sholichin et al., 1980) , ␤-sitosterol (Seo et al., 1986) and ␤-sitosterol 3-O-␤-glucopyranoside (Kojima et al., 1990) , respectively, on the basis of spectral data and physical data.
Compound 10 was obtained as a yellow powder. The positive ion FAB-MS of 10 showed an [MϩH] ϩ ion peak at m/z 493 and a fragment ion peak at m/z 347 [MϪ146 (methylpentose unit)] ϩ . The 1 H-NMR spectrum of 10 gave the signals due to one hydroxyl group (␦ 12.58) , four aromatic protons (␦ 7.14ϫ2, 6.34, 6.11) , one anomeric proton (␦ 5.27), two equivalent methoxyl groups (␦ 3.84ϫ2) and one secondary methyl group (␦ 0.78). In the 13 C-NMR spectrum, 10 showed the signals due to one carbonyl carbon (␦ 177.7), 14 aromatic carbons (␦ 164.3, 161.3, 157.3, 156.5, 147.7 (ϫ2), 138.8, 134.4, 119.6, 106.9 (ϫ2), 104.2, 98.8, 94 .0), two methoxyl carbons (␦ 56.3 (ϫ2)) along with the signals due to one ␣-rhamnopyranosyl group (␦ 101.8, 71.1, 70.7, 70.5, 70.0, 17.5) . Except for the absence of the arabinopyranosyl group, the 13 C-NMR data of 10 were similar to those of syringetin 3-O-␣-rhamnopyranosyl-(1AE5)-␣-arabinofuranoside (Guo et al., 1998) . From these data, 10 was confirmed to be syringetin 3-O-␣-rhamnopyranoside (Williams & Harborne, 1977) , although the NMR spectral data of 10 have not been reported in the literature.
As far as we know, this is the first example of the isolation of 1-10 from the fruit of rabbiteye blueberry.
Cytotoxic activity of 1, 3, 3a, 4, 6, 8 and 9 Bomser et al. (1996) reported that the fruit extracts from lowbush blueberry and bilberry blueberry showed anticancer activity in vitro, and Wang et al. (2000) reported recently that 3 (IC 50 : 1.5 ppm) and 3␤,19␣-dihydroxy-urs-12-en-28-oic acid (IC 50 : 1 ppm) were cytotoxic constituents of highbush blueberry against human leukemia cells HL-60. Moreover, Taniguchi et al. (2002) reported Table 1 . Cytotoxic activities of compounds 1, 3, 3a, 4, 6, 8, 9 that 3 showed significant cytotoxicity against human oral squamous cell carcinoma (HSC-2) and human salivary gland tumor (HSG) with 50% cytotoxic concentration values of 29 g/ml and 48 g/ml, respectively. Furthermore, the cytotoxicities against murine leukemia cells L1210 of 2 (IC 50 toward growing cells: 5.0 g/ml), 3 (IC 50 toward growing cells: 4.0 g/ml), 3a (IC 50 toward growing cells: Ͼ40 g/ml) and 7 (IC 50 toward growing cells: ϳ10 g/ml) (Noda et al., 1997) , and against KB (ED 50 : 3.5 g/ml) and A-549 (ED 50 : 4.6 g/ml) cells of 4 (Yan et al., 1989) were reported. The in vitro cytotoxic activity of 1, 3, 3a, 4,  6, 8 and 9 was therefore examined against two human cancer cells (PC-12, HCT116) using the MTT assay. Compounds 3, 4 and 9 showed moderate activity against both cells (Table 1) .
To the best of our knowledge, the identity of anticancer constituents from the fruit of rabbiteye blueberry is reported here for the first time.
